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[Type of Document] Specification 

[Title of the Invention] Fluid Injection Nozzle 
[Claims ] 

[Claim 1] A fluid injection nozzle comprising:, 
a valve body having an inner peripheral surface 
which forms a fluid passage and which shrinks in 
diameter toward a fluid downstream side, and having a 
valve seat on the inner peripheral surfacem- 
an injection orifice plate disposed on the fluid 
passage downstream side of the valve seat, having 
plural injection orifices to inject fluid which flows 
out of the fluid passage; and 

a valve member, seated on the valve seat, thereby 
to close the fluid passage, and away from the valve 
seat, thereby to open the fluid passage, 

characterized in that a fluid chamber, formed in 
approximately parallel to the injection orifice place 
immediately above a fluid upstream side of the plural 
injection orifices, communicates with the fluid passage 
and the plural injection orifices, and has a diameter 
larger than a fluid downstream side opening formed with 
the inner peripheral surface, and assuming that the 
injection orifice has a diameter d, the fluid chamber 
is wider than the diameter d on an outer peripheral 



side of an area including the plural injection orifices. 

[Claim 2] The fluid injection nozzle according 
to claim 1, characterized in that the fluid chamber is 
formed with a concave portion of a fluid injection side 
end portion of the valve body, and a bottom surface of 
the concave portion covers the orifices. 

[Claim 3] The fluid injection nozzle according 
to claim 1, characterized in that the fluid chamber is 
formed with a concave portion on an anti-fluid 
injection side of the injection orifice plate, and a 
plate member held between a fluid injection side end 
surface of the valve body or the fluid injection side 
end surface and the injection orifice plate, covers the 
injection orifices. 

[Claim 4] The fluid injection nozzle according 
to claim 1, 2 or 3, characterized in that the injection 
orifice is inclined at a predetermined angle in a 
direction away from a nozzle central axis toward a 
fluid injection direction. 

[Claim 5] The fluid injection nozzle according 
to claim 4, characterized in that the predetermined 
angle is 2 to 40°. 

[Claim 6] A fluid injection nozzle comprising: 
a valve body having an inner peripheral surface 
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which forms a fluid passage and which shrinks in 
diameter toward a fluid downstream side, and having a 
valve seat on the inner peripheral surface; 

an injection orifice plate disposed on the fluid 
passage downstream side of the valve seat, having 
plural injection orifices formed with approximately the 
same diameter in a direction away from a central axis 
toward a fluid injection direction, to inject fluid 
which flows out of the fluid passage; and 

a valve member, seated on the valve seat, thereby 
to close the fluid passage, and away from the valve 
seat, thereby to open the fluid passage, 

characterized in that a fluid chamber, 
communicating with the fluid passage and the plural 
injection orifices, having a diameter larger than a 
fluid downstream side opening formed with the inner 
peripheral surface, is formed between the valve body 
and the injection orifice plate at the fluid downstream 
side on the inner peripheral surface, 

and the injection orifice has an inner injection 
orifice having a fluid inlet on the inner peripheral 
side of a virtual envelope line where a virtual surface 
extended from the inner peripheral surface to the fluid 
downstream side intersects the injection orifice plate, 
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and an outer injection orifice having a fluid inlet on 
the outer peripheral side of the virtual envelope line. 

[Claim 7] The fluid injection nozzle according 
to claim 6, characterized in that the fluid chamber is 
flat along the injection orifice plate. 

[Claim 8] The fluid injection nozzle according 
to claim 6 or 7, characterized in that assuming that 
the distance between the inner injection orifice and 
the outer injection orifice is Li and the distance 
between the inner injection orifices is L 2 , Li < L 2 
holds . 

[Claim 9] The fluid injection nozzle according 
to claim 6, 7 or 8, characterized in that assuming that 
the distance between the inner injection orifice and 
the outer injection orifice is Li and the distance 
between the outer injection orifices is L 3 , Li < L 3 
holds . 

[Claim 10] The fluid injection nozzle according 
to any one of claims 1 to 9, characterized in that the 
valve member has a projection member projecting toward 
the injection orifice plate in the fluid injection side 
end portion. 

[Claim 11] The fluid injection nozzle according 
to any one of claim 1 to 10, characterized in that the 
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fluid injection side end surface of the valve member is 
a flat surface. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 
The present invention relates to a fluid 
injection nozzle having an injection orifice plate. 
For example, the invention relates to a fuel injection 
nozzle of a fuel injection valve to inject fuel to an 
internal combustion engine (hereinbelow, "internal 
combustion engine" will be referred to as an "engine"). 
[0002] 
[Prior Art] 

Conventionally, as disclosed in DE19636396, a 
fuel injection valve, having a thin-plate injection 
orifice plate where plural injection orifices are 
formed on the fuel downstream side of a valve 
comprising of a valve member and a valve seat, to 
inject fuel from the respective injection orifices is 
known. However, in the case where the plural injection 
orifices are formed in the injection orifice plate, as 
the distance between respective injection orifices is 
short, liquid columns injected from the respective 
injection orifices collide with each other on the 
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downstream side of the injection orifices, thereby 
atomization of fuel spray may be disturbed. Note that 
the liquid column means liquid in column shape, 
injected from the injection orifice, before atomization. 
[0003] 

In a fuel injection valve disclosed in WO98/34026 
and USP 4907748, a fuel chamber expanding outwardly in 
a radial direction is formed between a fuel injection 
side end portion of a valve body and an injection 
orifice plate, and injection orifices are provided in 
positions covered with a fuel injection side end 
surface of the valve body. In comparison with a case 
where the fuel chamber expanding outwardly in radial 
direction is omitted, the intervals among the 
respective injection orifices are wider. 
[0004] 

[Problems to Be Solved by the Invention] 
However, in the fuel injection valve disclosed in 
WO98/34026 and USP 4907748, as the injection orifices 
in the injection orifice plate are not formed to be 
away from the central axis of the injection orifice 
plate toward a fuel injection direction, the spread of 
spray is narrow. Further, as the fuel chamber formed 
between the fuel downstream side end portion of the 
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valve body and the injection orifice plate is not flat, 
collision of inflow fuel is not sufficient at a fuel 
inlet of the injection orifice before the fuel flows 
into the injection orifice. In the case where the 
collision of fuel which flows into the injection 
orifice is insufficient, turbulence of fuel is reduced 
and atomization of fuel spray is insufficient. 
[0005] 

Further, as the distance between an outer 
peripheral edge of the fuel chamber and the injection 
orifice is short, the amount of fuel which flows into 
the injection orifice from the. outer peripheral edge 
side of the fuel chamber is small. Most of the fuel 
flows into the injection orifice from the central 
portion of the fuel chamber. When the fuel flows into 
the injection orifice mainly from one direction, the 
collision of the inflow fuel is not sufficient at the 
fuel inlet of the injection orifice. When the 
collision of the fuel which flows into the injection 
orifice is not sufficient, the turbulence of the fuel 
flow into the injection orifice is reduced, and 
atomization of fuel spray is insufficient. 
[0006] 

It is known that the fuel spray can be atomized 
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by reducing the diameter of the injection orifice. 
However, to obtain a desired fuel injection amount by 
reducing the diameter of the injection orifice, the 
number of injection orifices must be increased. If the 
number of the injection orifices is increased, the 
distance between the injection orifices is shorter, and 
liquid columns immediately below the injection orifices 
may easily collide with each other. The collision 
between the liquid columns disturbs atomization of fuel 
As disclosed in WO98/34026 and USP 4907748, in a 
structure where the injection orifices are provided in 
positions covered with the fuel injection side end 
surface of the valve body, the number of injection 
orifices which can be formed so as to avoid collision 
of liquid columns on the downstream side of the 
injection orifices is limited. 

An object of the present invention is to provide 
a fluid injection nozzle to atomize spray. 
[0007] 

[Means to Solve the Problems] 
In the fluid injection nozzle according to claim 
1 of the present invention, as the fluid chamber is 
formed in approximately parallel to the injection 
orifice plate, the fluid which flowed in toward the 
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injection orifice plate flows along the injection 
orifice plate. Accordingly, the fluid does not 
directly flows into the injection orifice but collision 
occurs at the fluid inlet. In this arrangement, the 
turbulence caused in a liquid column injected from the 
injection orifice is increased and atomization can be 
promoted . 

[0008] 

Further, the fluid chamber has a diameter larger 
than the fluid downstream side opening formed with the 
inner peripheral surface, and assuming that the 
injection orifice has a diameter d, the fluid chamber 
is wider than the diameter d on the outer peripheral 
side of the area including the plural injection 
orifices. Accordingly, the fluid easily flows into the 
respective injection orifices not only from the central 
portion of the fluid chamber but also from the outer 
peripheral edge of the fluid chamber. As the fluid 
flows running approximately toward each other uniformly 
collide with each other at the fluid inlet of the 
injection orifice, the turbulence caused in a liquid 
column injected from the injection orifice is increased 
and atomization can be promoted. 

[0009] 
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In the fluid injection nozzle according to claim 
2 or 3 of the present invention, the fluid chamber is 
formed with a concave portion on the a fluid injection 
side of the injection orifice plate, and a plate member 
held between an end surface of the valve body or the 
end surface of the valve body and the injection orifice 
plate, covers . the injection orifices. As the fluid 
flows, guided by the valve body or the plate member 
along the injection orifice plate, into the injection 
orifice, the energy of collision of the fluid at the 
fluid inlet of the injection orifice is increased. 
Accordingly, the turbulence caused in a liquid column 
injected from the injection orifice is increased and 
atomization can be promoted. 

In the fluid injection nozzle according to claim 
4 or 5 of the present invention, the injection orifice 
is inclined at a predetermined angle in the direction 
away from a nozzle central axis toward the fluid 
injection direction. In this arrangement, the spread 
of spray is increased. 
[0010] 

In the fluid injection nozzle according to claim 
6 of the present invention, the fluid chamber, having a 
diameter larger than the fluid downstream side opening 
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formed with the inner peripheral surface having the 
valve seat, is formed between the valve body and the 
injection orifice plate, on the fluid downstream side 
of the inner peripheral surface having the valve seat. 
The injection orifice has an inner injection orifice 
having a fluid inlet on the inner peripheral side of a 
virtual envelope line where a virtual surface extended 
from the inner peripheral surface to the fluid 
downstream side intersects the injection orifice plate, 
and an outer injection orifice having a fluid inlet on 
the outer peripheral side of the virtual envelope line. 
The fluid flowing toward the injection orifice plate 
along the inner peripheral surface is divided into a 
flow toward the inner peripheral side of the virtual 
envelope line and a flow toward the outer peripheral 
side of the virtual envelope line. The fluid flow from 
the virtual envelope line toward the inner peripheral 
side is injected from the inner injection orifice, 
while the fluid flow from the virtual envelope line 
toward the outer peripheral side is injected from the 
outer injection orifice. Even in a case where the 
inner injection orifice and the outer injection orifice 
are inclined in approximately the same direction, the 
fluid is injected in directions away from each other. 
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Accordingly, even in a case where the diameter of the 
injection orifice is reduced for atomization of fluid 
spray, the number of injection orifices is increased so 
as to obtain a desired injection amount, the injection 
orifices are provided on the inner peripheral side and 
the outer peripheral side from the virtual envelope 
line, and the inner injection orifice and the outer 
injection orifice are close to each other, collision 
between liquid columns injected from the inner 
injection orifice and the outer injection orifice 
immediately below the injection orifices can be 
prevented, and the fuel spray can be atomized. 

[0011] 

In the fluid injection nozzle according to claim 
7 of the present invention, as the fluid chamber is 
flat along the injection orifice plate, the fluid which 
flowed in toward the injection orifice plate flows 
along the injection orifice plate. Accordingly, the 
fluid does not directly flow into the injection orifice 
but uniform collision occurs at the fluid inlet. In 
this arrangement, the turbulence caused in a liquid 
column injected from the injection orifice is increased 
and atomization can be promoted. 
[0012] 
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In the fluid injection nozzle according to claim 

8 of the present invention, assuming that the distance 
between the inner injection orifice and the outer 
injection orifice is Li and the distance between the 
inner injection orifices is L2, Li < L2 holds. As the 
flows of the fluid respectively into the inner 
injection orifice and the outer injection orifice are 
in the directions away from each other, collision 
between the fluid flows injected from the inner 
injection orifice and the outer injection orifice 
immediately below the injection orifices can be avoided 
even if the distance Li is shortened. On the other 
hand, by lengthening the distance between the inner 
injection orifices, in which flows of the fluid from 
the virtual envelope line in the same direction to the 
inner peripheral side enter, collision between the 
fluid flows immediately below the inner injection 
orifices can be avoided. 

[0013] 

In the fluid injection nozzle according to claim 

9 of the present invention, assuming that the distance 
between the inner injection orifice and the outer 
injection orifice is Li and the distance between the 
outer injection orifices is L 3 , Li < L 3 holds. As flows 
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of the fluid into the inner injection orifice and the 
outer injection orifice are in the different directions, 
collision between the fluid flows injected from the 
inner injection orifice and the outer injection orifice 
immediately below the injection orifices can be avoided 
even if the distance Li is shortened. On the other 
hand, by lengthening the distance between the outer 
injection orifices, in which flows of the fluid from 
the virtual envelope line in the same direction to the 
outer peripheral side enter, collision between the 
fluid flows immediately below the outer injection 
orifices can be avoided. 
[0014] 

In the fluid injection nozzle according to claim 
10 of the present invention, the valve member has a 
projection member projecting toward the injection 
orifice plate in the fluid injection side end portion. 
As the amount of fluid retained between the valve 
member and the injection orifice plate upon valve 
opening is reduced, the error of fluid injection amount 
due to injection of retained fluid can be reduced, thus 
the fluid injection amount can be controlled with high 
precision. 

In the fluid injection nozzle according to claim 
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11 of the present invention, the fluid injection side 
end surface of the valve member is a flat surface. 
Accordingly, as the fluid flows along the fluid 
injection side end surface of the valve member, the 
flows of the fluid to the respective injection orifices 
collide with each other at the inlets of the injection 
orifices, and atomization of the fluid can be promoted. 
[0015] 
[Working Examples ] 

Hereinbelow, plural embodiments showing working 
examples of the present invention will be described 
with reference the drawings. 

(First Working Example) 

FIG. 2 shows an example where a fluid injection 
nozzle according to a first working example is used in 
a gasoline engine fuel injection valve. 

A casing 11 of a fuel injection valve 1 is molded 
resin covering a magnetic pipe 12, a fixed iron core 30, 
a coil 41 wound around a spool 41, and the like. A 
valve body 13 is connected to the magnetic pipe 12 by 
laser welding or the like. A nozzle needle 20 as a 
valve member is reciprocatably accommodated in the 
magnetic pipe 12 and the valve body 13. A contact 
member 21 of the nozzle needle 20 can be seated on a 
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valve seat 14a formed on the inner peripheral surface 
14 of the valve body 13. The inner peripheral surface 
14 is formed in an inner peripheral wall of the valve 
body 13 forming a fuel passage 50 as a fluid passage, 
and the inner peripheral surface has a diameter shrunk 
toward the fuel injection side. 
[0016] 

As shown in FIG. 1, the injection nozzle of the 
fuel injection valve 1 is constructed with the valve 
body 13, the nozzle needle 20 and an injection orifice 
plate 25. A concave member 15 is formed in a fuel 
injection side end portion of the valve body 13. A 
flat disc-shaped fuel chamber 51 is formed in parallel 
to and along the injection orifice plate 25 between the 
concave member 15 and. the injection orifice plate 25. 
The fuel chamber 51, as a liquid chamber, communicates 
with the fuel passage 50 on the fuel downstream side of 
the valve seat 14a, and the diameter of the fuel 
chamber 51 is larger than that of a fuel downstream 
side opening formed with the inner peripheral surface 
14. The fuel chamber 51 is divided into an inner fuel 
chamber 52 and an outer fuel chamber 53 from a virtual 
envelope line 200, where a virtual surface extended 
from the inner peripheral surface 14 toward the 
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injection orifice plate 25 intercepts the injection 
orifice plate 25. In FIG. 1(B), reference numeral 201 
denotes an outer peripheral edge of the fuel chamber 51. 
[0017] 

A fuel injection side end surface 20a of the 
nozzle needle 20 has a flat shape. As shown in FIG. 2, 
a connection member 22 provided on the opposite side to 
a contact member 21 of the nozzle needle 20 is 
connected to a movable iron core 31. The fixed iron 
core 30 and a nonmagnetic pipe 32, the nonmagnetic pipe 
32 and the magnetic pipe 12 are respectively connected 
by laser welding or the like. 
[0018] 

As shown in FIG. 1, the injection orifice plate 
25, having a thin disc shape, is provided in the fuel 
injection side end portion of the valve body 13. The 
injection orifice plate 25 is in contact with a fuel 
injection side end surface 13a of the valve body 13, 
and is laser-welded to the valve body 13. Four 
injection orifices 25a, 25b, 25c and 25d are formed in 
the injection orifice plate 25 on the same 
circumference. The injection orifices 25a, 25b, 25c 
and 25d are formed with the same diameter di away from 
a central axis 26 of the injection orifice plate 25 
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toward a fuel injection direction. The fuel chamber 51 
is expanded by d2 toward the outer peripheral side of 
an area where the injection orifices 25a, 25b, 25c and 
25d are provided. That is, the distance from the outer 
peripheral side positions of fuel inlets of the 
injection orifices 25a, 25b, 25c and 25d to the outer 
peripheral edge 201 of the fuel chamber 51 is d 2 . di < 
d 2 holds. 

[0019] 

The respective injection orifices are covered 
with a bottom surface 15a of the concave member 15, and 
are opened in the outer fuel chamber 53. The injection 
orifices 25a and 25b, and the injection orifices 25c 
and 25d are respectively formed at the same gradient 
angle a in the same direction to the central axis 26 of 
the injection orifice plate 25. 2°< a < 40° holds. The 
direction in which injection is made from the injection 
orifices 25a and 25b and the direction in which 
injection is made from the injection orifices 25c and 
25d are opposite by 180°. The fuel injection valve 1 
performs two-directional in j ection . 

[0020] 

As shown in FIG. 2, a spring 35, biasing the 
nozzle needle 20 in the direction of the valve seat 14a, 
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is provided on the fuel injection side of an adjusting 
• pipe 34. The biasing force of the spring 35 biasing 
the nozzle needle 20 can be controlled by changing an 
axial directional position of the adjusting pipe 34. 
[0021] 

The coil 41 wound around the spool 40 is 
positioned in the casing 11 so as to cover around the 
respective end portions of the fixed iron core 30 and 
the magnetic pipe 12 holding the nonmagnetic pipe 32 
therebetween and the nonmagnetic pipe 32. The coil 41 
is electrically connected with a terminal 42. A 
voltage applied to the terminal 42 is applied to the 
coil 41. 

[0022] 

Next, the actuation of the fuel injection valve 1 
will be described. 

(1) While energization to the coil 41 is off, the 
movable iron core 31 and the nozzle needle 20 move to 
the valve seat 14a side by the biasing force of the 
spring 35, and the contact member 21 is seated on the 
valve seat 14a. Accordingly, the fuel passage 50 is 
closed and fuel is not injected from the respective 
in j ection orifices . 
[0023] 
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(2) When energization to the coil 41 is turned on, a 
magnetic attraction force to attract the movable iron 
core 31 to the fixed iron core 30 side is caused in the 
coil 41. The movable iron 31 is attracted to the fixed 
iron core 30 side by the magnetic attraction force, 
then the nozzle needle 20 is also moved to the fixed 
iron core 30 side, and the contact member 21 is moved 
away from the valve seat 14a. Then the fuel passage 50 
is opened, and the fuel is injected from the respective 
injection orifices. 
[0024] 

The fuel flowing along the inner surface 14 
toward the injection orifice plate 25 is divided into a 
flow which collides against the injection orifice plate 
25 and runs toward the center in the inner fuel chamber 
52 along the injection orifice plate 25 and a flow 
which runs along the injection orifice plate 25 toward 
the outside in a radial direction in the outer fuel 
chamber 53. A part of the fuel flow toward the outside 
in the radial direction in the outer fuel chamber 53 
passes between the respective injection orifices and 
collides against an inner peripheral wall of the 
concave member 51 at the outer peripheral edge 201 of 
the fuel chamber 51. As the distance d 2 between the 
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outer peripheral side positions of the respective 
injection orifices and the outer peripheral edge 201 of 
the fuel chamber 51 is equal to or greater than the 
injection orifice diameter di, the flow direction of 
the fuel collided against the inner peripheral wall of 
the concave member 51 at the outer peripheral edge 201 
is changed to a direction toward the center of the fuel 
chamber 51. This fuel flow toward the center of the 
fuel chamber 51 and the fuel flow toward the outside in 
the radial direction in the outer fuel chamber 53 
uniformly collide with each other immediately above the 
fuel inlets of the respective injection orifices then 
flow into the respective injection orifices. 
Accordingly, turbulences are caused in liquid columns 
injected from the respective injection orifices, and 
atomization is promoted. 
[0025] 

As described above, the injection orifices 25a 
and 25b and the injection orifices 25c and 25d are 
respectively formed at the same gradient angle a in the 
same direction to the central axis 26 of the injection 
orifice plate 25, thereby two-directional injection is 
realized. As the respective injection orifices are 
opened in the outer fuel chamber 53 and are away from 
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each other, collision among liquid columns injected 
from the injection orifices 25a and 25b and the 
injection orifices 25c and 25d immediately below the 
respective injection orifices can be prevented. 
Accordingly, atomization of the inject fuel can be 
promoted. 

[0026] 

As the fuel injection side end surface 20a of the 
nozzle needle 20 has a flat shape, and the fuel chamber 
51 has a flat shape along the injection orifice plate, 
the fuel flowed toward the injection orifice plate 25 
flows along the injection orifice plate 25. 
Accordingly, the fuel does not directly flow into the 
injection orifices but uniform collision at the fuel 
inlets of the injection orifices. This causes 
turbulences in the liquid columns injected from the 
injection orifices and promotes atomization. Further, 
the respective injection orifices are formed so as to 
be away from the central axis 26 toward the fuel 
injection direction. Accordingly, the fuel injected 
from the respective injection orifices becomes spray 
which spreads in a wide range. 
[0027] 

(Second Working Example) 



22 



FIG. 3 shows the fuel injection valve according 
to the second working example of the present invention. 
The constituent elements substantially the same as 
those of the first working example have the same 
reference numerals, and the explanations thereof will 
be omitted. 

In the second working example, a concave member 
is not formed in the valve body 13, but a concave 
member 61 is formed on the counter fuel injection side 
of the injection orifice plate 60, thereby the flat 
fuel chamber 51 is formed in parallel to the injection 
orifice plate 60 and immediately above the fuel 
upstream side of the respective injection orifices. 
Four injection orifices 60a, 60b, 60c and 60d formed in 
the injection orifice plate 60 correspond to the 
injection orifices 25a, 25b, 25c and 25d of the first 
working example, and have the same gradient angle a and 
the same injection orifice diameter di . Further, the 
distance from the outer peripheral side positions of 
the fuel inlets of the injection orifices 60a, 60b, 60c 
and 60d to the outer peripheral edge 201 of the fuel 
chamber 51 is d 2 . di < d 2 holds. The respective 
injection orifices are covered with the fuel injection 
side end surface 13a of the valve body 13. 
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[0028] 

(Third Working Example) 
FIG. 4 shows the fuel injection valve according 
to a third working example of the present invention. 
The constituent elements substantially the same as 
those of the first working example have the same 
reference numerals, and the explanations thereof will 
be omitted. 

An injection orifice plate 70 has a concave 
member 71 on the counter fuel injection side, and a 
ring plate member 75 is held between the injection 
orifice plate 70 and the valve body 13. Four injection 
orifices 70a, 70b, 70c and 70d (70b and 70c are not 
shown) formed in the injection orifice plate 70 
correspond to the injection orifices 25a, 25b, 25c and 
25d of the first working example, and have the same 
gradient angle a and the same injection orifice 
diameter di. Further, the distance from the outer 
peripheral side positions of the fuel inlets of the 
injection orifices 70a, 70b, 70c and 70d to the outer 
peripheral edge 201 of the fuel chamber 51 is d 2 . di < 
d2 holds. The respective injection orifices are 
covered with the plate member 75. 
[0029] 
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In the above-described first working example, 
second working example and third working example, the 
bottom surface 15a of the concave member 15 formed in 
the valve body 13, the fuel injection side end surface 
13a of the valve body 13 or the plate member 75 covers 
the respective injection orifices. In this 
construction, it may be arranged such that the 
respective injection orifices are formed on the further 
central side of the injection orifice plate, thereby 
the fuel inlets of the respective injection orifices 
are opened in the fuel downstream side opening of the 
inner peripheral surface 14, and the fuel injection 
side end surface 20a of the nozzle needle 20 covers the 
respective injection orifices. 
[0030] 

(Fourth Working Example) 
FIG. 5 shows the fuel injection valve according 
to a fourth working example of the present invention. 
The constituent elements substantially the same as 
those of the first working example have the same 
reference numerals, and the explanations thereof will 
be omitted. 

An injection orifice plate 80 having a thin disc 
shape is provided in the fuel injection side end 
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portion of the valve body 13. As shown in FIG. 5(B), 
inner injection orifices 80a and 80b and outer 
injection orifices 80c and 80d are formed in the 
injection orifice plate 80. The inner injection 
orifices 80a and 80b have a fuel inlet on the inner 
peripheral side of the virtual envelope line 200, while 
the outer injection orifices 80c and 80d have a fuel 
inlet on the outer peripheral side of the virtual 
envelope line 200. The inner injection orifice 80a and 
the outer injection orifice 80c, and the inner 
injection orifice 80b and the outer injection orifice 
80d are respectively formed at the same gradient angle 
a in a direction away from the central axis 81 of the 
injection orifice plate 80 toward the fuel injection 
direction. 2°< a 40° holds. The direction in which 
injection is made from the inner injection orifice 80a 
and the outer injection orifice 80c and the direction 
in which injection is made from the injection orifice 
80b and the outer injection orifice 80d are opposite by 
180°. Thus two-directional injection is performed. 
[0031] 

The fuel flowing along the inner peripheral 
surface 14 toward the injection orifice plate 80 is 
divided into a flow which collides against the 
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injection orifice plate 80 and runs toward the center 
in the inner fuel chamber 52 along the injection 
orifice plate 80 and a flow which runs along the 
injection orifice plate 80 toward the outside in the 
radial direction in the outer fuel chamber 53. As 
described above, the inner injection orifice 80a and 
the outer injection orifice 80c, and the inner 
injection orifice 80b and the outer injection orifice 
80d are respectively formed at the same gradient angle 
a in the same direction to the central axis 81 of the 
injection orifice plate 80. However, the direction of 
fuel flow into the inner injection orifice 80a and that 
of fuel flow into the outer injection orifice 80c are 
opposite directions, and the direction of fuel flow 
into the inner injection orifice 80b and that of fuel 
flow into the outer injection orifice 80d are opposite 
directions. The liquid columns injected from the outer 
injection orifices 80c and 80d are inclined in a 
direction away from the central axis 81 of the 
injection orifice plate 80 to the central axis 82 of 
the injection orifices 80c and 80d. The liquid columns 
injected from the inner injection orifices 80a and 80b 
are inclined in a direction toward the central axis 81 
of the injection orifice plate 80 to the central axis 
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82 of the injection orifices 80a and 80b. That is, as 
the fuel injected from the inner injection orifice 80a 
and that injected from the outer injection orifice 80c, 
and the fuel injected from the inner injection orifice 
80b and that injected from the outer injection orifice 
80d proceed so as to away from each other, collision 
among the liquid columns immediately below the 
respective injection orifices can be prevented. 
Accordingly, fuel atomization can be promoted. 

[0032] 

(Fifth Working Example) 

FIG. 6 shows a fifth working example of the 
present invention. The constituent elements 
substantially the same as those of the fourth working 
example have the same reference numerals, and the 
explanations thereof will be omitted. 

Inner injection orifices 95a, 95b, 95c and 95d, 
and outer injection orifices 95e, 95f, 95g, 95h, 95i 
and 95 j are formed in an injection orifice plate 95. 
The inner injection orifices 95a, 95b, 95c and 95d have 
a fuel inlet on the inner peripheral side of the 
virtual envelope line 200, while the outer injection 
orifices 95e, 95f, 95g, 95h, 95i and 95j have a fuel 
inlet on the outer peripheral side of the virtual 
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envelope line 200. Further, fuel is injected 
respectively from the inner injection orifices 95a and 
95b, the outer injection orifices 95e, 95f and 95g, and 
the inner injection orifices 95c and 95d, the outer 
injection orifices 95h, 95i and 95 j , as two-directional 
in j ection . 

[0033] 

The fuel into the inner injection orifices 95a 
and 95b and the fuel into the outer injection orifices 
95e, 95f and 95g flow in opposite directions. The fuel 
into the inner injection orifices 95c and 95d and the 
fuel into the outer injection orifices 95h, 95i and 95j 
flow in opposite directions. Thus mutual fuel 
collision immediately below the respective injection 
orifices can be prevented, and atomization of fuel 
spray can be promoted. Further, in the respective 
injection orifices to form spray, assuming that the 
distance between the inner injection orifice and the 
outer injection orifice is Li, and that between the 
outer injection orifices is L 3 , L x < L 3 holds. The 
distance between the outer injection orifices is longer 
than that between the inner injection orifice and the 
outer injection orifice. Accordingly, even in a case 
where the injection diameter is reduced and the number 
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of injection orifices is increased to obtain a desired 
injection amount for atomization of fuel spray, fuel 
collision immediately below the outer injection orifice 
can be prevented, and the atomization of fuel spray can 
be promoted. 

[0034] 

(Sixth Working Example) 

FIG. 7 shows a sixth working example of the 
present invention . 

Inner injection orifices 100a, 100b, 100c and 
lOOd, and outer injection orifices lOOe, lOOf, lOOg, 
lOOh, lOOi, 100 j, 100k and 100m are formed in an 
injection orifice plate 100. The inner injection 
orifices 100a, 100b, 100c and lOOd have a fuel inlet on 
the inner peripheral side of the virtual envelope line 
200, while the outer injection orifices lOOe, lOOf, 
lOOg, lOOh, lOOi, 100 j, 100k and 100m have a fuel inlet 
between the virtual envelope line 200 and the outer 
peripheral edge 201. Further, fuel is injected from 
the inner injection orifices 100a and 100b, the outer 
injection orifices lOOe, lOOf, lOOg and lOOh, and the 
inner injection orifices 100c and lOOd, the outer 
injection orifices lOOi, lOOj, 100k and 100m, as two- 
directional fuel injection. 
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[0035] 

The fuel into the inner injection orifices 100a 
and 100b and the fuel into the outer injection orifices 
lOOe, lOOf, lOOg and lOOh flow in opposite directions. 
The fuel into the inner injection orifices 100c and 
lOOd and the fuel into the outer injection orifices 
lOOi, 100j, 100k and 100m flow in opposite directions. 
Thus mutual fuel collision immediately below the 
injection orifices between the inner injection orifice 
and the outer injection orifice can be prevented. 
Further, assuming that the distance between the inner 
injection orifice and the outer injection orifice is Li, 
the distance between the inner injection orifices is L 2 , 
and the distance between the outer injection orifices 
is L 3 , Li < L 2 holds and Li < L 3 holds. Accordingly, as 
the distance between the inner injection orifices and 
that between the outer injection orifices are longer 
than the distance between the inner injection orifice 
and the outer injection orifice, fuel collision 
immediately below the inner injection orifices and the 
outer injection orifices can be prevented, and 
atomization of fuel spray can be promoted. 
[0036] 

(Seventh Working Example) 
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FIG. 8 shows a seventh working example of the 
present invention. The constituent elements 
substantially the same as those of the fourth working 
example have the same reference numerals, and the 
explanations thereof will be omitted. 

A contact member 111 formed in a nozzle needle 

110 can be seated on the valve seat 14a. Further, a 
fuel injection side end portion of the contact member 

111 is projected toward the injection orifice plate 80, 
and a projection member 112 having a flat surface at 
its end is formed in the end portion. 

[0037] 

As the projection member 112 is formed, in a 
valve closed status where the contact member 111 is 
seated on the valve seat 14a, the capacity of the fuel 
chamber 51 is reduced in comparison with the fourth 
working example. As the ratio of injection amount of 
the fuel retained in the fuel chamber 51 in the valve 
closed status is lowered with respect to the entire 
fuel injection amount, the fuel injection amount can be 
controlled with high precision. In the first working 
example, second working example and third working 
example, the projection member can be formed in the 
fuel injection side end portion of the nozzle needle 20. 
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In the above-described fourth to seventh working 
examples, the concave member 15 is formed in the fuel 
injection side end portion of the valve body 13 thereby 
the fuel chamber 51 is formed. In this arrangement, 
the fuel chamber 51 may be formed by forming the 
concave member on the counter fuel injection side of 
the injection orifice plate. 
[0038] 

In the above-described plural working examples 
showing the aspects of implementation of the present 
invention, the fluid injection nozzle of the present 
invention is used in a gasoline engine fuel injection 
valve. The fluid injection nozzle of the present 
invention is applicable to any other construction as 
long as it atomizes and injects fluid. 
[Brief Explanation of the Drawings] 
[FIG. 1] 

(A) is an enlarged cross-sectional view showing 
the injection nozzle of the fuel injection valve 
according to the first working example of the present 
invention. (B) is a plan view along an arrow B in A. 

[FIG. 2] 

A longitudinal cross-sectional view showing the 
fuel injection valve according to the first working 



example of the present invention. 
[FIG. 3] 

(A) is an enlarged cross-sectional view showing 
the injection nozzle of the fuel injection valve 
according to the second working example of the present 
invention. (B) is a plan view along an arrow B in A. 

[FIG. 4] 

An enlarged cross-sectional view showing the 
injection nozzle of the fuel injection valve according 
to the third working example. 
[FIG. 5] 

(A) is an enlarged cross-sectional view showing 
the injection nozzle of the fuel injection valve 
according to the fourth working example of the present 
invention. (B) is a plan view along an arrow B in A. 

[FIG. 6] 

A plan view of the injection orifice plate of the 
fuel injection valve according to the fifth working 
example of the present invention viewed from the 
injection downstream side. 

[FIG. 7] 

A plan view of the injection orifice plate of the 
fuel injection valve according to the sixth working 
example of the present invention viewed from the 
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injection downstream side. 
[FIG. 8] 

An enlarged cross-sectional view showing the 
injection nozzle of the fuel injection valve according 
to the seventh working example. 

[Explanation of Reference Numerals] 

1 fuel injection valve 

13 valve body 

14 inner peripheral surface 
14a valve seat 

15 concave member 
15a bottom surface 

20 nozzle needle (valve member) 

21 contact member 

25 injection orifice plate 

25a, 25b, 25c, 25d injection orifice 

50 fuel passage (fluid passage) 

51 fuel chamber (fluid chamber) 

52 inner fuel chamber 

53 outer fuel chamber 

60, 70, 80, 95, 100 injection orifice plate 

60a, 60b, 60c, 60d, 70a, 70b, 70c, 70d, 
80a, 80b, 80c, 80d, 95a, 95b, 95c, 95d, 
95e, 95f, 95g, 95h, 95i, 95 j , 100a, 100b, 
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100c, lOOd, lOOe, lOOf, lOOg, lOOh, lOOi, 

lOOj, 100k, 100m injection orifice 

110 nozzle needle (valve member) 

111 contact member 

112 projection member 

200 virtual envelope line 

201 outer peripheral edge 
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[Type of Document] Abstract 
[Abstract] 

[Object] To provide a fluid injection nozzle to atomize 
spray . 

[Means of Solution] A concave member 15 is formed in a 
fuel injection side end portion of a valve body 13. A 
fuel chamber 51 having a flat disc shape in parallel to 
and along an injection orifice plate 25 is formed 
between the concave member 15 and the injection orifice 
plate 25. The fuel chamber 51 is formed covering a 
predetermined range around injection orifices 
immediately above the fuel upstream side of injection 
orifices 25a, 25b, 25c and 25d. The four injection 
orifices 25a, 25b, 25c and 25d are formed in the 
injection orifice plate 25 on the same circumference. 
The injection orifices 25a, 25b, 25c and 25d having the 
same diameter are formed so as to be away from a 
central axis 26 of the injection orifice plate 25 
toward a fuel injection direction. The respective 
injection orifices are covered with a bottom surface 
15a of the concave member 15, and are opened in an 
outer fuel chamber 53. As the distance between the 
injection orifice 25a and the injection orifice 25b to 
perform injection in the same direction and the 
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distance between the injection orifice 25c and the 
injection orifice 25d are long, collision among liquid 
columns of fuel injected from the injection orifices 
immediately below the injection orifices can be 
prevented . 

[Selected Drawing] FIG. 1 
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